INTRODUCTION
Sugar maple (Acer saccharum Marsh.), which are highly valued landscape trees due to their brilliant fall color display, deeply furrowed bark, and attractive growth habit, have relatively few pest and disease issues (Dirr 1998) . While sugar maple is commonly associated with deciduous forests of the Northeast and the Upper Midwest (Godman et al. 1990 ), this widely adapted tree is also a member of an undisturbed tree community in the Sipsey Wilderness in northwest Alabama (Zhang et al. 1999 ) and is commonly used as a specimen tree in landscapes across the Mid-and Upper South (Dirr 1998) . On the basis of growth rate, selected foliage characteristics, and tolerance to Japanese beetle (Popillia japonica Newman) feeding injury, Autumn Blush, Bonfire, Green Mountain, and Sugar Queen were noted as the best-performing sugar maple cultivars in a north-central Alabama planting evaluated between 2001 and 2005 (Blackwood 2006 . Anthracnose, which is incited by multiple conidial fungi in the order Diaporthales (Sinclair and Lyon 2005) , can reduce the aesthetic value and possibly the vigor of sugar maple (Hartman 1996) . In 2011, an outbreak of anthracnose, which was caused by the fungus Discula campestris (Pass.) Arx [syn. Apiognomonia errabunda (Roberge ex Desm.) Höhn)] (Sogonov et al. 2007) , was observed in a planting of 18 sugar maple cultivars in Cullman, Alabama (A. K. Hagan, personal observation) . Previously, D. campestris was cited as the causal agent for damaging anthracnose outbreaks in sugar maple in Pennsylvania and New York, along with several New England and Midwestern states (Nash et al. 1994; Stanosz 1994) , and Ontario, Canada (Howse and Applejohn 1990) . Outbreaks of the D. campestris-incited anthracnose in Pennsylvania, in association with pear thrips [Taeniothrips inconsequens Uzel] feeding injury, was linked with sugar maple seedling mortality (Stanosz 1993 ) and damage to the leaves of mature trees (Nash et al. 1994) .
At the site of the previous Alabama study (Blackwood 2006) , anthracnose symptoms were characterized by the appearance of randomly distributed reddish-brown circular to irregular lesions, 4 to 10 mm in diameter, sometimes with a tan center and yellow border, independent of the veins on only mature leaves (Fig. 1A) . Lesion coalescence on leaves of some cultivars such as Sugar Queen resulted in the formation of large, reddish-brown, necrotic blotches with irregular to angular borders centered along major veins (Fig. 1B) . Premature defoliation began on susceptible cultivars within a month of disease onset in mid-to late June. Anthracnose intensification continued into early fall until some cultivars were completely defoliated, thereby eliminating any fall color display (Fig. 1C) . The objective of this study was to assess the reaction of a selection of sugar maple cultivars, maintained in a simulated landscape setting in North Alabama, to anthracnose incited by Discula campestris. grass (Eremochloa ophiuroides Munro) alleys were periodically mowed. No supplemental irrigation was provided nor were there any herbicides applications. Anthracnose intensity was assessed on 15 June, 11 August, 15 September, and 18 October 2012; 23 May, 15 June, 19 July, 18 August, and 14 September 2013; and 14 May, 20 June, 15 July, 23 August, and 14 September 2014 using a 1-to-10 scoring system where: 1 = no disease; 2 = very few lesions in canopy; 3 = few lesions noticed in lower and upper canopy; 4 = some lesions seen and <10% defoliation; 5 = lesions noticeable and ≤25% defoliation; 6 = lesions numerous and ≤50% defoliation; 7 = lesions very numerous and ≤75% defoliation; 8 = numerous lesions on few remaining leaves and ≤90% defoliation; 9 = very few remaining leaves covered with lesions and ≤95% defoliation; and 10 = plants defoliated (Chiteka et al. 1988) . Defoliation values were calculated using the modified formula: % defoliation = 100 / (1 + e −[(Anthracnose intensity score − 6.0672) / 0.7975] ) (Li et al. 2012) . Areas under disease progress curves (AUCs) were calculated for anthracnose intensity (AAUC) and defoliation (DAUC) scores for each tree in each study year (Shaner and Finney 1977) . Intensity and defoliation AUCs were divided by the number of days over which observations were made in each year: 125 days in 2012; 136 days in 2013; and 152 days in 2014 to generate "relative (r) AUC" values, which allows direct comparisons of each variable over years. These rAUCs within each year were checked for normality; non-normal data were rank-transformed for analysis and back-transformed for presentation. Mixed model analyses were done on rAAUC and rDAUC with cultivar as the fixed effect and year*rep as random effect (Proc GLIMMIX in SAS 9.3; SAS Institute Inc., Cary, NC). Differences in rAAUC and rDAUC among cultivars were considered significant when P ≤ 0.05.
WEATHER
Daily temperature and rainfall were recorded by and collected from an AL Mesonet weather station located at the North Alabama Horticulture Research Center in Cullman, AL. The trees were located within 1000 m of this weather station. From these data, average monthly temperatures from 1 May to 31 September and total monthly rainfall in each study year were calculated. Due to equipment failures, however, several days of weather records for August 2013 were lost.
SUGAR MAPLE CULTIVAR REACTION TO ANTHRACNOSE
Anthracnose intensity (rAAUC) and defoliation (rDAUC) differed significantly by sugar maple cultivar (P < 0.0001). The resistant (R) and susceptible (S) classifications were delineated by differences in defoliation rDAUC values and well supported by intensity rAAUC values, while the moderately resistant (MR) and moderately susceptible (MS) classifications were based on a combined assessment of rAAUC and rDAUC values.
The sugar maple cultivars Fall Fiesta, Commemoration, Flax Mill Majesty, and Sugar Queen represent the resistant, moderately resistant, moderately susceptible, and susceptible cultivars, respectively (Table 1 ). In addition to Fall Fiesta, the cultivars Autumn Blush, Autumn Faith, and Legacy were classified as anthracnose resistant, although some overlap in Autumn Faith rAAUC intensity values with several moderately resistant cultivars was noted.
Among the moderately resistant cultivars, Green Mountain had a lower rAAUC intensity value but a similar rDAUC defoliation value as Apollo, while Steeple and Wright Brothers had a lower rDAUC defoliation value than Bonfire (Table 1) . While Apollo rAAUC intensity was greater than Commemoration, Steeple, Wright Brothers and Green Mountain, the observed defoliation on this cultivar was similar to the other moderately resistant cultivars except for Steeple.
With the exception of the rAAUC and rDAUC for Apollo and Bonfire, respectively, anthracnose intensity and defoliation was higher for the moderately susceptible than the remaining moderately resistant cultivars (Table 1) . Fairview had a higher rAAUC intensity value than the other moderately susceptible cultivars except for Flax Mill Majesty, which along with Morton, Endowment, and Sweet Shadow had similar lower rAAUC intensity values. Sweet Shadow suffered greater defoliation than Morton and Endowment. Defoliation levels were also greater for Flax Mill Majesty than Morton. Sugar Queen, Seneca Chief, and
FIGURE 1
Anthracnose symptoms on (A) Apollo and (B) Sugar Queen sugar maple along with (C) premature defoliation on Fairview sugar maple with a disease resistant Legacy sugar maple in the background right Goldspire proved highly susceptible to anthracnose with greater rAAUC intensity and rDAUC defoliation values observed for the former than the latter two cultivars (Table 1) .
ANTHRACNOSE ONSET AND DEVELOPMENT OVER TIME
While anthracnose intensity differed by year and the representative sugar maple cultivar for each resistance class, mean anthracnose-incited defoliation (rDAUC) as indicated by a significant year × cultivar interaction segregates data by year and cultivar (Table 2) . While no differences in anthracnose intensity was noted for any of the representative sugar maple cultivars over the threeyear study period, higher mean rAAUC values were recorded in 2012 and 2013 compared with 2014 (Table 3) . Incrementally higher mean rAAUC values were linked with increasing susceptibility of each of the representative cultivars with Fall Fiesta, the cultivar representing the resistant cultivar class, having the lowest anthracnose intensity value.
Differences in rDAUC (defoliation) were observed between study years for the susceptible Sugar Queen and moderately resistant Commemoration representative cultivars but not for the moderately susceptible Flax Mill Majesty and resistant Fall Fiesta (Fig. 2) . Mean monthly temperature and total monthly rainfall between 1 May and 31 September in each study year is shown (Fig. 3) . For the anthracnose susceptible Sugar Queen, higher rDAUC values were recorded under cooler and wetter August and September weather patterns in 2012, while similarly lower levels of premature defoliation were recorded for this cultivar with warmer and drier weather during this same period in the following two years. In contrast, the moderately resistant Commemoration had highest rDAUC values in 2013 when mean temperatures and rainfall were often intermediate to preceding and subsequent years (Fig. 3) . For the moderately susceptible Flax Mill Majesty and resistant Fall Fiesta, similar high defoliation levels were noted in each study year regardless of rainfall and temperature patterns.
Disease progress curves of representative cultivars in each resistance class were generated for each study year (Figs. 4A-C) . In all study years, lesions on the leaves first appeared between the last week in May and mid-June on anthracnose susceptible cultivars represented by Sugar Queen. In contrast, disease onset was delayed to mid-June to mid-July on the moderately susceptible and moderately resistant cultivars represented by Flax Mill Majesty and Commemoration, respectively. The pattern of disease onset on the resistant cultivar Fall Fiesta, which was similar to Flax Mill Majesty and Commemoration in 2012, was delayed, particularly in 2014 when symptoms were not observed until late August. Disease development, as indicated by the increasing number of symptomatic leaves and premature defoliation, was greatly accelerated on the susceptible Sugar Queen and moderately susceptible Flax Mill Majesty compared with the moderately resistant and resistant cultivars Commemoration and Fall Fiesta, respectively, with the latter having substantially lower final anthracnose intensity ratings than the former in only 2013. Anthracnose-incited defoliation was first observed on the susceptible Sugar Queen by mid-July compared with mid-August for the moderately susceptible Flax Mill Majesty, mid-August to mid-September for the moderately resistant Commemoration, and mid-October for the resistant Fall Fiesta (Fig. 5 A-C) . A rapid increase in premature defoliation was noted by mid-August and mid-September for the susceptible and moderately susceptible sugar maple cultivars, respectively. While the anthracnose resistant Fall Fiesta (Fig. 6A) and Legacy (Fig. 6B ) sugar maples suffered 20% or less defoliation by mid-October in all study years, defoliation levels on the moderately resistant sugar maple Commemoration (Fig. 6C ) and Green Mountain (Fig. 6D) did not reach the 40 to 50% level until after mid-September in two of three study years. The moderately susceptible Flax Mill Majesty (Fig. 6E) and Morton (Fig. 6F ) along with the susceptible Sugar Queen (Fig. 6G ) and Gold Spire (Fig. 6H) sugar maple cultivars were almost completely defoliated by mid-October and midSeptember, respectively.
FIGURE 2
Defoliation rDAUC values of representative resistance group sugar maple cultivars by study year. Error bars represent the standard deviation over 3 observations with Commemoration and 5 observations for the remaining cultivars. The rDAUC values equals the relative area under the disease progress curve for defoliation attributed to anthracnose.
FIGURE 3
Monthly rainfall totals and mean high temperatures for May through September in 2012 September in , 2013 September in , and 2014 at the study site in Cullman, AL.
FIGURE 4
Disease intensity on selected sugar maple cultivars segregated by anthracnose resistance classification in ( 
CONCLUSIONS
Anthracnose symptoms observed on multiple sugar maple cultivars in this study were similar to those attributed to an unknown Discula sp. by Sinclair and Lyon (2005) . Depending on the level of resistance, anthracnose onset had occurred by midJune for susceptible cultivars compared with July or August for resistant cultivars. Noticeable defoliation was observed on anthracnose-susceptible and -resistant cultivars by mid-July and mid-October, respectively. Kessler (1984) had also observed a seasonal pattern of anthracnose development in black walnut (Juglans nigra L.) over a four-year period, which culminated with complete tree defoliation by early August, as was observed here for the anthracnose-susceptible sugar maple cultivars. While anthracnose clearly reduces the aesthetic value of sugar maple, this study was not designed to define disease impact on tree health and vigor. However, reduced trunk diameter and shoot growth of field-grown flowering dogwood (Cornus florida L.) was associated with the increasing incidence of leaf necrosis and premature defoliation attributed to Cercospora leaf spot and spot anthracnose (Hagan et al. 2008) , which suggests that severe anthracnose outbreaks on susceptible and moderately susceptible sugar maple cultivars may suppress tree growth. Berry (1981) also reported that the premature defoliation attributed to anthracnose slows the growth of walnut (Juglans) species.
Weather, as represented by mean monthly temperature and total rainfall during the disease assessment period in each study year, had a varied impact on each sugar maple cultivar in each resistance group. When compared with warmer and drier weather in 2013 and to a lesser extent 2014, cooler and wetter summer weather patterns in 2012 were associated with greater anthracnose intensity and defoliation in the anthracnose susceptible Sugar Queen but not the moderately susceptible cultivar Flax Mill Majesty, resistant Fall Fiesta, and moderately resistant Commemoration with the latter suffering greater damage under hotter and drier conditions in 2013. Previously, Neely and Himelick (1963) noted that temperature but not rainfall significantly impacted the development of Apiognomonia veneta (Sacc. & Speg.) Höhn.-incited anthracnose on sycamore (Platanus occidentalis L.). In contrast, wet growing seasons along with extended periods of leaf wetness are associated with epiphytotic outbreaks of Gnomonia leptostyla (Fr.) Ces. & De Not.-incited anthracnose of English (J. regia L.) (Belisario 2002) and black walnut (Kessler 1984) . Additional study is need to better define the interaction of weather and cultivar resistance on the onset and intensification of anthracnose in sugar maple.
On the basis of growth rate, leaf area, petiole length, chlorophyll content, and sensitivity to Japanese beetle feeding injury to the leaves, Blackwood (2006) rated Autumn Blush, Bonfire, Green Mountain, and Sugar Queen as top cultivars, while Apollo, Commemoration, Fairview, Legacy, and Morton gave the poorest performance. With the appearance of the leaf spotting and premature defoliation associated with anthracnose, cultivar reaction to this disease takes precedence in determining the long-term landscape value of sugar maple cultivars and not the above criteria listed by Blackwood (2006) . The anthracnose susceptible cultivars Goldspire, Seneca Chief, and Sugar Queen and moderately susceptible cultivars Endowment, Fairview, Flax Mill Majesty, Morton, and Sweet Shadow often were defoliated by mid-October, thereby eliminating the fall color display for which sugar maple are renowned and rendering them unsuitable for landscape use (Dirr 1998) . In contrast, the resistant cultivars Autumn Blush, Autumn Faith, Fall Fiesta, and Legacy, which suffered minimal defoliation and exhibited desirable fall color, would be excellent choices for amenity and commercial landscapes in the Mid-and Upper South.
